I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Head and neck cancer is the eighth common type among all cancer types all over the world.\[[@ref1]\] The treatment comprises surgery, radiotherapy, chemotherapy or a combination escorted by restoration therapy, and social support.\[[@ref2]\] Radiotherapy leads to irreversible loss of the reproductive integrity, the cell cycle necessary for cell growth, apoptosis, and necrosis of cancer cells.\[[@ref3]\] Conventional fraction size ranges from 1.8 to 3 Grays (Gy) per fraction over 4--6 weeks.\[[@ref4]\] The accumulative dose of radiation for the primary treatment of head and neck cancer treatment is 60--70 Gy, depending on the irradiation of the tumor.\[[@ref5]\]

Radiation affects malignant cells and is also absorbed by the oral mucosa and gastrointestinal mucosa, especially in rapidly dividing cells.\[[@ref6]\] Oral mucositis is the most frequent, distressing, painful, clinical side effect of radiotherapy.\[[@ref7]\] It is defined as an inflammatory lesion of oral mucosa resulting from the cancer therapy typically manifesting as atrophy, swelling, erythema, ulceration, and pseudomembrane formation.\[[@ref8][@ref9]\] It is described in five overlapping stages: initiation, upregulation, message generation, ulceration, and healing.\[[@ref9][@ref10]\]

Radiation-induced oral mucositis shows hyperkeratosis of the oral mucosa after the dose of 10--20 Gy.\[[@ref6][@ref8]\] Erythema is the first clinical sign seen on the oral mucosa, and severity of mucositis reaches at a dose of 30 Gy. After the completion of radiotherapy, the symptoms abate in 2--6 weeks.\[[@ref11][@ref12]\] Effective management of oral mucositis is very important.\[[@ref13][@ref14]\]

Honey is an important traditional medicine and prophylactic agent that has numerous beneficial health properties including its ability to facilitate healing.\[[@ref15][@ref16]\] Honey helps in the reduction of ulceration and inflammation of the biological process of mucositis.\[[@ref17][@ref18]\] Honey has been used to manage burns, oral infections, surgical wounds, and pressure wounds.\[[@ref19][@ref20]\] In this study, honey was obtained from the Zoology Department, The University of Punjab. Honey was applied to the oral mucosa of patients undergoing radiotherapy which is beneficial in limiting the severity of oral mucositis. Honey is a natural product with rich nutritional properties that is economical and a pleasant agent for managing mucositis.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A unicenter, randomized controlled, clinical human study was conducted at Clinical Oncology Department of Mayo hospital, Lahore, Pakistan. The study protocol was approved by the Advanced Studies and Research Board of University of Health Sciences, Lahore, and Ethical Committee of PGMI, Lahore. It was carried out from January 2014 to January 2015.

Inclusion criteria {#sec2-1}
------------------

Patients with histologically confirmed head and neck cancer planned for external beam radiotherapy, with a total radiation dose of 60--70 Gy (in 5--6 weeks).

Exclusion criteria {#sec2-2}
------------------

Patients having xerostomia, systemic diseases, and oral sores due to ill-fitting dentures were excluded from the study.

Eighty-two patients were selected for the study, divided into two groups as control and treatment groups by computer-generated random numbers. Complete history taking of patients and physical examination were done including oral and dental evaluation before radiotherapy. Signatures on the consent form were obtained as per ethical requirement of the study after explaining the whole procedure. All patients were strictly instructed to avoid smoking, chewing pan and spicy food, and to maintain oral hygiene during the study.\[[@ref16]\] Areas exposed to radiation were marked by surface marking in both groups. Both single- and multi-fields were used in this study. The radiations were delivered at a dose of 1.8--2 Gy 5 days in a week. Equinox and Telecobalt Theratron 780C machines were used.

In the treatment group, patients were given 20 mL of Ziziphus honey, 15 min before and after the radiotherapy.\[[@ref12][@ref21]\] They were instructed to swallow slowly to smear the layer of honey on the oral and pharyngeal mucosa. Patients were also advised to take 20 mL of Ziziphus honey before sleeping in the night.\[[@ref22]\] This treatment protocol of honey was followed from day 1 of radiation till the end of 6^th^ week. They were instructed to take meals in the early morning, noon, and night not to interfere in such a manner not to interfere with ingestion of honey. ingestion of honey at least ½ h ingestion of honey. In the control group, patients were given 20 mL of 0.9% of saline 15 min before and after radiotherapy.\[[@ref22]\] They were advised to rinse saline. They were instructed to keep saline for at least 5 min duration and then to spit it out. They were advised to rinse 20 mL of saline in the same manner before sleeping. This treatment protocol of saline was followed from day 1 of radiation till 6 weeks.

All patients were evaluated subjectively and clinically for the development of oral mucositis. The evaluation of oral mucosa of the patients was done with a battery-operated torch after every week for grading of oral mucositis in both groups. The assessment scale used in this study was Radiation Therapy Oncology Group (RTOG) Grading System.\[[@ref12][@ref18]\] All patients were given dietary counseling throughout the course. A nasogastric tube was placed in patients with severe Grade 4 mucositis. Statistical analysis was done by Chi-square method using SPSS software version 20.0 (IBM, Chicago, Illions).

Saline was the therapeutic agent in control group. Ziziphus honey used in this study was analyzed by the Pakistan Council of Scientific and Industrial Research. The moisture content of this honey was 17.34%. Specific gravity was 1.420. Hydroxymethylfurfural was 28.42 mg kg, pH was 6.05, and diastase number was 44.

RE[SULTS AND]{.smallcaps} D[ATA]{.smallcaps} A[NALYSIS]{.smallcaps} {#sec1-3}
===================================================================

The characteristics of patients including sex, age, and location of primary tumor are presented in [Table 1](#T1){ref-type="table"}.

###### 

Patients characteristics
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In the control group, four patients in the 4^th^ week and two patients in the 5^th^ week took nystatin along ibuprofen tablets. One patient in control group in 3^rd^ week and two patients in study arm group refused to continue their radiotherapy treatment.

The oral cavity of all the patients was examined weekly up to 6 weeks in both control and honey-treated groups. The examination was done with the help of a battery-operated torch. The grading of oral mucositis was assessed by Radiation Therapy Oral Mucositis Grading (RTOG).

In treatment group, twenty lesions of Grade 0 mucositis in week 1 were observed. This number decreased by the end of 6^th^ week. In control group, however, 32 lesions of Grade 0 mucositis were observed in week 1. This number decreased till week 3, but increased from week 3 till 6. In week 1, the number of Grade 1 oral mucositis was 7 and its frequency increased till the end of 6^th^ week in treatment group \[[Table 2](#T2){ref-type="table"}\].

###### 

Weekly comparisons of Grade 0 oral mucositis in control and treatment groups

![](IJPC-23-317-g002)

Grade 3 oral mucositis was observed at the end of 3^rd^ week of radiotherapy when compared to control group where it was observed at the end of 2^nd^ week. The total number of Grade 3 oral mucositis in treatment group at the end of 6^th^ week was 17 less than control group Grade 3 lesions (50). At the end of week 3, only 1 Grade 4 mucositis was observed in treatment group, but in control group, the number was 2. In control group, the number increased in week 4 and week 5. In total, after 6 weeks, 19 Grade 4 oral mucositis were present in control group and 3 in treatment group.

During the course of radiotherapy in weeks 4 and 5, there was a significant reduction of oral mucositis in treatment group as compared to control group as illustrated in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. At the end of 6^th^ week, the difference of Grades 3 and 4 was statistically significant among control and treatment groups (*P* value of Grade 3 mucositis: 0.016 and *P* value of Grade 4 mucositis: 0.032).

###### 

Distribution of mucositis during radiotherapy course in control group
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###### 

Distribution of mucositis during radiotherapy course in treatment group

![](IJPC-23-317-g004)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Radiotherapy rays are absorbed by the oral mucosal cells which leads to the development of a debilitating condition which is known as oral mucositis.\[[@ref9]\] The symptoms begin with erythema, diffuse ulcers leading to pseudomembrane formation. Gram-negative bacilli in oral flora release endotoxins that contribute as potent mediators in the inflammatory process of mucositis. Patients are unable to chew and swallow in case of acute oral mucositis.\[[@ref10]\] Swallowing difficulties lead to weight loss, dehydration, and also need for nutritional support. It has an impact on the treatment plan and prognosis of the disease, both affecting the efficacy of radiotherapy.\[[@ref7]\]

The basic management of oral mucositis is still symptomatic with the aim to relieve pain and discomfort associated with it, comforting of the oral mucosa by applying a chemical agent to eradicate the microorganisms, and stimulation of epithelization.\[[@ref23]\] The most common controlling pathway of oral mucositis is use of saline mouth rinses, opioid analgesics, ice chips, and topical applications of lidocaine and benzydamine hydrochloride mouth washes (anti-inflammatory agents) and cytoprotective agents.\[[@ref23]\] Nystatin and lignocaine are the most common agents used in Mayo Hospital, Lahore, for the treatment of mucositis.

Honey is a heterogeneous mixture of proteins, flower nectar sugars, and glandular secretions produced by honey bees. It has a powerful impact on the proliferation of B-lymphocytes and T-lymphocytes and also in the activation of macrophages.\[[@ref16]\] It inhibits inflammatory process by inhibiting cyclooxygenase pathway because it is the main pathway of inflammation. It stimulates the process of granulation tissue, angiogenesis, rapid epithelization and proliferation of fibroblasts.\[[@ref21]\] Certain enzymes, phytochemical agents (methylglyoxal and methyl syringate), low pH, defensin, a peptide, and high osmolarity are distinct mechanisms involved in the bactericidal activity of honey.\[[@ref23]\]

The present study showed promising effects of honey for substantial reduction in the severity of RTOG Grade 3 and 4. The findings of this study were also comparable with the positive results of Biswal. The results of Biswal\'s study revealed that there was statistically significant reduction in patients with Grade 3 and 4 mucositis.\[[@ref12]\] Another study conducted in 2004 by Motallebnejad *et al*. portrayed that mucositis score at the end of each week was lower than the control group.\[[@ref16]\] A study by Khannal *et al*. (2010)\[[@ref24]\] described the importance of honey on limitation of radiation-induced mucositis and showed that only one patient developed intolerable mucositis in study group as compared to 15 intolerable mucositis in lignocaine group.\[[@ref21]\]

There are some limitations to our study. The study was unicentric in nature and patients were heterogeneous regarding cancer treatment (fractioned and hyperfractioned radiation therapy), age, and tumor location. There is disparity in assessment and management of oral mucositis due to complex multi-factors related to the patients and treatment to the complex multifactorial patient and treatment factors related to oral mucositis, there is disparity in the assessment and management of oral mucositis. The data available on effect of honey on limitation of radiation-induced oral mucositis depicted that honey had promising effects on protection of oral mucosa from radiations.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The results of this study showed that Ziziphus honey significantly reduced the severity of mucositis in treatment arm. It is really encouraging to note that patients of head and neck cancer suffering from severe mucositis due to radiotherapy can be lessened to a great extent simply by such a feasible and affordable option.
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